Extensive review of atom interferometry with beautiful illustrations is presented recently in e-print arXiv:0712.3703. However, the explanation of its physical base remains to be confused and unintelligible. We propose here simple and clear explanation, which is based on the concept of inequality of forward and reversed transitions in optics. The inequality concept allows be experimentally testing and studying by simple pumpprobe experiments.
Atom interferometry is now widely used in modern science. However, its physical base is not sufficiently clear. General explanation looks usually as follows: "The first resonance region (microwave cavity) then excites atoms into a superposition of states |a and |b . Atoms then travel through a static (C) field in a coherent superposition whose relative phase oscillates freely until the atoms enter the second microwave cavity. If radiation there is in phase with the oscillating superposition, then atoms complete the transition to state |b . But if the radiation is half a cycle out of phase then atoms are returned to state |a " [1] . But nobody can explain what the concept of "coherent superposition of states" physically means.
We propose here simple and clear explanation, which is based on the concept of inequality of forward and reversed transitions in optics. It is interesting, that this concept, in fact, was proved already, although it is not recognized as yet [2] . The essence of this concept is that the cross-section of reversed transition (in contrast to those for forward transition) has very sharp dependence from the number of physical parameters (frequency and phase of laser radiation, orientation of molecule in space, the phase of atom vibration in molecule and even the position of the atom in space) [3] . Its differential cross-sections can and really differ in many orders of magnitude (although its integral cross-sections are equal).
According to inequality concept the action of the second field in the discussed above case should be quite opposite. If radiation there is in phase with the excited atoms, then atoms will be returned to the initial state |a due to high cross-section of reversed transition. But if the radiation is out of phase then the excited atoms will not efficiently interact with radiation and only the nonexcited atoms complete the transition to state |b . This condition may be experimentally checked if we shall use the second field as a very weak probe field. Unfortunately, such experimental results are absent in literature [4] .
Most general and direct way for experimental study of inequality of forward and reversed processes is the pump-probe experiments with short, weak, collinear probe pulse [3] . It is surprising, that the results of such simple experiments are absent in literature. The first known us experiments of this type was carried out only recently [5] , where the authors studied absorption of weak collinear femtosecond probe laser pulse in Rb vapor. From our point of view the obtained results are the direct manifestation of strong dependence of crosssection of reversed transition from the phase of laser radiation. These experiments should be continued, but the detected spectral range should correspond to the atomic absorption line width. In this way we can obtain quantitative information about the ratio of cross-sections of forward and reversed transitions.
In conclusion, inequality of forward and reversed transitions is a physical base of atom interferometry. The inequality concept allows to reject and forget the concept of "coherent superposition of states" as a nightmare.
